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(54) Balancing circuit for voltage division between capacitors 



(57) A balancing circuit for voltages of a series-con- 
nection of capacitors, particularly for intermediate circuit 
capacitors of an inverter, there being at least two series- 
connected intermediate circuit capacitors across an in- 
termediate circuit voltage, the balancing circuit compris- 
ing a converter circuit which in turn comprises a trans- 
former (T1 ) a primary winding of which is divided into 
capacitor-specific part-windings (N11, N12), a second- 



ary winding (N2) being connected to provide voltage 
supply. The converter circuit of the balancing circuit 
comprise sub-converters connected in parallel with 
each series-connected capacitor (C1 , C2), each one of 
the sub-converters comprising a series connection of a 
part-winding (N11, N12)of the primary winding, a diode 
(D1 , D2) and a semiconductor switch (V1 , V2) to be con- 
trolled for balancing the voltages of the series-connect- 
ed capacitors. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a balancing 
circuit for voltages of a series-connection of capacitors, 
particularly for intermediate circuit capacitors of an in- 
verter, there being at least two intermediate circuit ca- 
pacitors connected in series over an intermediate circuit 
voltage, the balancing circuit comprising a converter 
connection which in turn comprises a transformer a pri- 
mary winding of which is divided into capacitor-specific 
part-windings and a secondary winding of which is con- 
nected to provide voltage supply. 
[0002] In a DC intermediate circuit of an inverter, en- 
ergy is usually stored in a capacitor battery which, due 
to the magnitude of the intermediate circuit voltage, 
comprises two or more series-connected capacitors. 
Static voltage of series-connected capacitors is usually 
not divided evenly because of differences in capacitor 
leakage currents, whereas dynamic voltage is not divid- 
ed evenly because of capacitance tolerances. 
[0003] According to the prior art, voltage division be- 
tween series-connected capacitors in connection with 
inverters is usually balanced using capacitor-specific 
parallel resistors connected in parallel with each series- 
connected capacitor concerned. To provide an appro- 
priate balancing, the resistors should be dimensioned 
so that the current flowing through the resistors is con- 
siderably higher than the leakage current of the capac- 
itor. High current flowing through the resistors causes 
significant power losses in the resistors, which reduces 
the operating efficiency of the inverter. 
[0004] The auxiliary voltage needed in inverter control 
electronics is usually formed of the direct current in the 
inverter's intermediate circuit by using a switched-mode 
power source, which can be designed to balance at the 
same time the voltage in the capacitors of the interme- 
diate circuit. This kind of solution is described in Analysis 
of an Extended DC-DC Flyback Converter with Inherent 
Input Voltage Symmetrization by H. Ertl, J.W. Kolar, F. 
C. Zach, PCIM '98 Europe Proceedings, Nuremberg. 
The described solution is based on a flyback converter 
used for balancing the voltages of series-connected ca- 
pacitors and, at the same time, for generating an auxil- 
iary voltage, as shown in Figure 5. A drawback in the 
solution is that the circuit is only suitable in cases where 
two capacitors are connected in series. 
[0005] Another shortcoming of the circuit is that the 
switch to be used in the converter is subjected to a high 
voltage stress which may be even double the DC volt- 
age of the intermediate circuit. Consequently, a switch 
component enduring high voltages must be selected. 
Moreover, due to the circuit structure, the rate of voltage 
change acting across the control transformer of the 
switch used in the circuit is high. 



BRIEF DESCRIPTION OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
vide a balancing circuit for voltages of series-connected 
5 capacitors that allows the above shortcomings to be 
avoided and the voltages to be balanced using a simple 
and reliable circuit. This object is achieved with a circuit 
of the invention which is characterized in that the con- 
verter circuit of the balancing circuit comprises sub-con- 
to verters connected in parallel with each series-connect- 
ed capacitor, the sub-converters each comprising a se- 
ries connection of a part-winding of a primary winding, 
a diode and a semiconductor switch to be controlled for 
balancing the voltages of the series-connected capaci- 
15 tors. 

[0007] The balancing circuit of the invention is based 
on a modification of a flyback-type converter where the 
primary winding of the converter is divided into part- 
windings. Modified sub-converters are connected in se- 

20 ries so that their number corresponds to that of the se- 
ries-connected capacitors. The primary circuit of a sub- 
converter is composed of a series connection of the di- 
ode of the switch to be controlled and the part-winding 
of the transformer's primary winding. The circuit of the 

25 invention can also be used when there are more than 
two series-connected capacitors. 
[0008] The circuit of the invention can be used in con- 
nection with the balancing of the voltage division for gen- 
erating power from the secondary winding to be used 

30 as auxiliary power needed by the inverter, for example, 
or to make the balancing of the voltage division more 
efficient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0009] In the following the invention will be described 
in greater detail in connection with preferred embodi- 
ments and with reference to the accompanying draw- 
ings, in which 

40 

Figure 1 illustrates a prior art flyback converter; 
Figure 2 illustrates a balancing circuit of the inven- 
tion with two series-connected capacitors; 
Figure 3 illustrates a balancing circuit of the inven- 
ts tion with three series-connected capacitors; 

Figure 4 illustrates a balancing circuit of the inven- 
tion where a secondary circuit is connected to en- 
hance the balancing of voltages; 
Figure 5 illustrates a prior art balancing circuit. 

50 

DETAILED DESCRIPTION OF THE INVENTION 

[001 0] Figure 1 shows a prior art flyback-type convert- 
er, the circuit of the invention being based on a modifi- 
55 cation of the converter. The operating principle of the 
described converter is that a voltage U 1 on the input side 
of the converter is used for generating an output voltage 
U2. The magnitude of the voltage U2 can be influenced 
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by changing the utilization ratio of a switch component 
V1. When the switch V1 is conducting, a diode D1 is in 
a blocking state due to the polarities of a transformer T1 
included in the converter. No current is flowing on the 
secondary side of the transformer, so power is stored at 
the same time in the transformer. When the switch V1 
is set to a non-conductive state, this power discharges 
as secondary circuit current. 

[0011] Figure 2 illustrates the circuit of the invention, 
which allows the division of voltage between the series- 
connected capacitors to be balanced and, at the same 
time, voltage to be generated to provide auxiliary volt- 
age for an inverter, for example. The circuit shown in 
Figure 2 relates to the balancing of voltages of two se- 
ries-connected capacitors C1 , C2. Like the flyback con- 
verter, the circuit of the invention also comprises a trans- 
former T1. In the circuit of the invention the primary 
winding of the transformeris divided into a plural number 
of part-windings N11, N12 each comprising an equal 
number of turns. In Figure 2 there are two part-windings, 
but usually their number corresponds to that of the se- 
ries-connected capacitors. In the invention, each part- 
winding N 11, N1 2 of the transformer T1 is connected in 
series with the diode D1, D2 and the switch V1, V2 to 
be controlled. These sub-converters composed of a 
part-winding, diode and switch are in turn connected in 
parallel with each capacitor. 

[0012] The sub-converter circuit is implemented by 
connecting an anode of the diode through the part-wind- 
ing of the converter to the capacitor pole having a higher 
potential and, correspondingly, by connecting the emit- 
ter of the switch to be controlled to the pole which has 
a lower potential. In the circuit of Figure 2 the positive 
pole of the part-winding N11 is connected to an interme- 
diate circuit voltage Udc. The other pole of the part-wind- 
ing is connected to the anode of the diode D1 , the cath- 
ode of the diode D1 being in turn connected as a switch- 
ing component to a drain of an FET transistor serving 
as the switching component in this example. The source 
of the FET transistor is connected to the second pole of 
the capacitor C1 connected to the intermediate circuit 
voltage. 

[001 3] The other sub-converters are all similarly con- 
nected in parallel with the capacitor, the sub-converters 
being thus connected in series with respect to each oth- 
er. Figure 2 shows a circuit of two capacitors and Figure 
3 a circuit of three series-connected capacitors. 
[0014] In the following, the operation of the circuit of 
the invention will be discussed in greater detail. Since 
the circuit switch components to be controlled are con- 
trolled simultaneously, a single control transformer com- 
prising a necessary number of secondary circuits can 
be used. The primary winding of the control transformer 
is controlled using a modulator which employs feedback 
coupling to maintain a constant output voltage Uout. The 
principle of the invention does not require, however, the 
output voltage Uout to be a stabilized voltage. Instead, 
it may be for example an intermediate circuit voltage 
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Udc, or, according to a preferred embodiment of the in- 
vention, the secondary circuit may be connected to 
charge a capacitor of a lower voltage. 
[001 5] In a situation where the voltage U 1 of the upper 

5 capacitor C1 in the circuit shown in Figure 2 is higher 
than the voltage U2 of the lower capacitor C2, and when 
the switches are driven to a state of saturation, the volt- 
ages of both primary windings are equal because of the 
impact of the transformer, their magnitude being equal 

10 to the higher capacitor voltage, i.e. U1 in this case. The 
diode D2 is reverse-biased by an amount equal to a volt- 
age difference U1 - U2 and thereby prevents current 
from flowing through the switch V2. Primary current thus 
flows only in the winding N1 1 , the magnitude of the cur- 

15 rent being 111, and it returns to the common point of the 
capacitors C1 , C2, and thus, using the references of the 
Figure, I' = -i11. The current returning to the point be- 
tween the capacitors thus reduces the voltage of the up- 
per capacitor C1 and increases the voltage of the lower 

20 capacitor C2. 

[001 6] If the capacitors C1 , C2 shown in Figure 2 have 
an equal voltage, i.e. U1 = U2, and the switches are driv- 
en to saturation, also the voltages of both primary wind- 
ings are equal and they have equal currents 111 =112. 

25 Current is not flowing to the common point of the capac- 
itors, and therefore the voltage division between the ca- 
pacitors does not change. On the other hand, when the 
voltage U2 of the lower capacitor C2 is higher than the 
voltage U1 of the upper capacitor C1, the voltages of 

30 both primary windings are equal to the higher capacitor 
voltage, i.e. to the voltage U2. The diode D1 is thus re- 
verse-biased by an amount equal to a voltage difference 
U2 - U1 , thereby preventing current from flowing through 
the switch V1. In other words, primary current only flows 

35 in the winding N12. The current of the winding is 112 and 
it starts to flow from the common point (r = 112) of the 
capacitors, thereby increasing the voltage of the upper 
capacitor C1 and reducing that of the lower capacitor 
C2. 

40 [0017] In the case of Figure 2, when the switches are 
switched off, irrespective of the voltage division between 
the capacitors C1 , C2, current starts to flow similarly as 
in an ordinary flyback converter and the voltage of the 
switches adopts the value determined by the conversion 

45 ratio between the primary and the secondary sides of 
the switches. The conversion ratio of the transformer T1 
may be selected as needed in each case. 
[0018] As already stated above, the principle of the 
invention can also be applied in a situation where there 

50 are more than two series-connected capacitors. If three 
capacitors are connected in series, the circuit is like the 
one in Figure 3. The primary winding of the transformer 
T1 has been divided into three parts N11, N12, N13 
which are all controlled by a separate switch V1, V2, V3 

55 through a diode D1 , D2, D3 connected in series with the 
respective switch. The sub-converters thus formed are 
connected in series and their common points are con- 
nected to the corresponding common points of capaci- 
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tors C 1 , C2, C3. All the switches V1 , V2, V3 are control- 
led simultaneously for example from separate second- 
ary windings of a common control converter. 
[0019] The operation corresponds to that described 
above with reference to two series-connected capaci- 
tors. When the switches are conducting, all the windings 
have an equal voltage, the magnitude of which is equal 
to the highest capacitor voltage. If the voltages are of 
different magnitudes, primary current flows only in the 
winding corresponding to the capacitor charged with the 
highest voltage, thereby reducing the voltage of the ca- 
pacitor in question. 

[0020] The circuit of the invention can also be used 
as a regulable voltage source, without any specific pur- 
pose of balancing the voltages of the series-connected 
capacitors. In that case the series-connected capacitors 
act as a supply voltage source. 
[0021] In the prior art solution shown in Figure 5 there 
are two series-connected capacitors. In addition, the 
switching components used in the circuit shown in Fig- 
ure 5 is subjected to a considerably high voltage stress, 
the magnitude of which is typically 1.5...2*Udc. In the 
circuit of the invention the voltage acting on the switches 
is1.5...2*Udc/n where n is the number of capacitors con- 
nected in series. 

[0022] According to an embodiment of the invention, 
the balancing of the voltages of series-connected ca- 
pacitors can be made more effective if also the power 
obtained from the secondary winding of the converter is 
used for the balancing. Figure 4 shows this preferred 
embodiment of the invention. In the embodiment, the 
secondary winding of the transformer T1 is divided into 
a plural number of part-windings N21 , N22. The number 
of part-windings corresponds to that of the part-windings 
of the primary winding and the number of the series-con- 
nected capacitors. A diode D3, D4 is connected in series 
with the part-winding of each secondary side. The series 
connections thus formed are further connected in par- 
allel with the sub-converters on the primary side of the 
transformer T1. The polarities of the diodes are as 
shown in Figure 4. In all embodiments of the invention 
the polarities of the transformer windings are similar to 
those of an ordinary flyback converter, as is shown in 
the Figures. 

[0023] If the converter output voltage load formed by 
the balancing circuit is small, the power to be transferred 
is possibly not sufficient for balancing the voltage divi- 
sion of a large capacitor battery. In that case it is advan- 
tageous to use the preferred embodiment of the inven- 
tion described above with reference to Figure 4. Accord- 
ing to the embodiment, the secondary side of the con- 
verter comprises two secondary windings having an 
equal number of turns. When secondary current is flow- 
ing the winding voltages of both secondary windings are 
equal and their magnitude is equal to the lower capacitor 
voltage. If the capacitor voltages are not equal, rectifying 
diodes D3, D4 on the secondary side separate the ca- 
pacitor having the higher voltage from the secondary cir- 



cuit, whereby all the secondary current flows to the ca- 
pacitor that has a lower voltage. Capacitor voltages are 
thus balanced both when primary current and second- 
ary current flows, which enhances the circuit's voltage 

5 balancing impact. Furthermore, the magnitudes of the 
currents may be freely dimensioned to suit the capacitor 
battery. In this embodiment the switches in the primary 
circuit only need to be controlled when the voltage divi- 
sion is not balanced; thus the average thermal stress 

10 acting on the components decreases considerably even 
when high currents are concerned. The modulating of 
the switches may be based on restricting the peak cur- 
rent value, for example, without an actual voltage feed- 
back coupling. 

15 [0024] It is apparent to a person skilled in the art that 
as technology advances, the basic idea of the invention 
can be implemented in various ways. The invention and 
its embodiments are therefore not restricted to the 
above described examples but they may vary within the 

20 scope of the claims. 



Claims 

25 1 . A balancing circuit for voltages of a series-connec- 
tion of capacitors, particularly for intermediate cir- 
cuit capacitors of an inverter, there being at least 
two intermediate circuit capacitors connected in se- 
ries over an intermediate circuit voltage, the balanc- 

30 ing circuit comprising a converter connection which 
in turn comprises a transformer (T1 ) a primary wind- 
ing of which is divided into capacitor-specific part- 
windings (N11 , N12) and a secondary winding (N2) 
of which is connected to provide voltage supply, 

35 characterized in that the converter circuit of the 
balancing circuit comprises sub-converters con- 
nected in parallel with each series-connected ca- 
pacitor (C1 , C2), the sub-converters each compris- 
ing a series connection of a part-winding (N11 , N12) 

40 of a primary winding, a diode (D1 , D2) and a semi- 
conductor switch (V1 , V2) to be controlled for bal- 
ancing the voltages of the series-connected capac- 
itors 

45 2. A balancing circuit according to claim 1 , character- 
ized in that the secondary circuit of the balancing 
circuit comprises a secondary winding of the con- 
verter, the secondary winding being divided into ca- 
pacitor-specific part-windings (N21, N22), and di- 

so odes (D3, D4) connected in series with the part- 
windings of the secondary winding, the series con- 
nections being connected in parallel with the sub- 
converters for enhancing the balancing of the volt- 
ages of the capacitors (C1, C2). 

55 

3. Use of a balancing circuit of claim 1 as a voltage 
source. 



4 



EP 1 107 438 A2 





5 



EP 1 107 438 A2 
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(54) Balancing circuit for voltage division between capacitors 



(57) A balancing circuit for voltages of a series-con- 
nection of capacitors, particularly for intermediate circuit 
capacitors of an inverter, there being at least two series- 
connected intermediate circuit capacitors across an in- 
termediate circuit voltage, the balancing circuit compris- 
ing a converter circuit which in turn comprises a trans- 
former (T1) a primary winding of which is divided into 
capacitor-specific part-windings (N11, N12), a second- 



ary winding (N2) being connected to provide voltage 
supply. The converter circuit of the balancing circuit 
comprise sub-converters connected in parallel with 
each series-connected capacitor (C1, C2), each one of 
the sub-converters comprising a series connection of a 
part-winding (N11, N1 2) of the primary winding, a diode 
(D1 , D2) and a semiconductor switch (V1 , V2) to be con- 
trolled for balancing the voltages of the series-connect- 
ed capacitors. 
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